Abstract. This account of 58 spontaneous tumors involving bone in domestic cats compares and contrasts the pathological findings with previous surveys. Of the tumors described, only one was diagnosed as benign. Squamous cell carcinoma was the most common tumor of the series; osteosarcoma was the most common primary tumor. Only two tumors metastasized to the lungs (one hemangiosarcoma and one osteosarcoma), and only three metastasized to a regional node (two squamous cell carcinomas and one lymphosarcoma).
This paper reviews 58 spontaneously occurring tumors involving bone in domestic cats. These tumors were seen over a 14-year period at the Blue Cross Animals' Hospital where an average of 2,000 cats are seen each year. The 58 reported tumors do not represent all those encountered during this period-only those submitted for pathological investigation have been included.
The initial diagnoses had been made clinically-usually supported by radiological and sometimes by biopsy examination. All but two cats were destroyed eventually, and postmortem examinations were done. Surgical excision was possible in only four cats, and in two the lesion recurred soon afterwards; the remaining two cats recovered.
Osteosarcoma has been reported as the most common primary bone tumor of the cat [5-7, 11, 18, 24, 31, 35, 431 . There is a wide age range of affected cats [6, 7, 11, 24, 3 1, 381 , with an average of 9 to 12 years. This is higher than in the dog [l I]. The sex incidence in two English surveys [6, 71 showed a preponderance of males, whereas a U.S. series [24] revealed a female to male ratio of 4: 1. Flat bones are affected more frequently than long bones [ 11, 24, 31, 331 , again contrasting with the dog where the limb bones are the most common sites [ 111. The use of radiotherapy to successfully treat osteosarcoma of the nasal cavity in a cat has been described [25] . Giant cell tumors (osteoclastomas) are mentioned frequently [6, 8, 17, 26, 36, 39, 4 1-43] . Parosteal osteosarcoma, a slow-growing but malignant primary neoplasm of cortical bone, is documented fairly well [3, 18, 24, 35, 421 . Benign bone tumors reported are osteoma [18, 22, 24, 31, 34, 35, 381 , and, less frequently, ossifying fibroma [42] , chondroma [ 181, and osteochondroma [42] . Chondrosarcoma has been described often [ 1, 2, 6, 11, 16, 18, 24, 31, 40, 421 . Reticulum cell tumor arising from stem cells of the bone marrow is mentioned infrequently [ 18, 24, 441. Invasive tumors from tissues adjacent to bone include fibrosarcoma [ 18, 24, 31, 32, 351 , lymphosarcoma [ 18,241, rhabdomyosarcoma [29] , and hemangiosarcoma [24] . The most commonly recorded neoplasm invading bone is squamous cell carcinoma [4, 6, 7, 24, 28, 31, 35, 371. Odontogenic tumors are uncommon in animals, with the exception of the epulides (if these are to be considered as neoplasms) [ 121. The differentiation and classification of this group is controversial [4, 10, 12, 13, 15, 23, 431 . Tumors metastasizing to bone are recorded rarely in the cat [ 14, 2 I].
Materials and Methods
Fifty-eight cats with spontaneously occurring tumors involving bone were subjected to pathological investigation. Fifty-five cats had a full necropsy examination, while the remaining three had surgical excision and/or biopsy only. In the cats which had full necropsies, samples of the affected bone, together with samples of any adjacent tissues involved in the lesion, were removed. Samples of other tissues or organs showing gross changes also were removed along with lymph nodes regional to the bone lesion, and samples of lung, liver, spleen, and kidney. All tissues were fixed in 5% buffered formalin, embedded in paraffin, and sectioned at 5 pm. Where decalcification was necessary, either formic acid or a mixture of formic and citric acids were used. All sections were stained with hematoxylin and eosin (HE). Other staining methods employed were van Gieson, Giemsa, phosphotungstic acid hematoxylin, periodic acid-Schiff (PAS), and the method of Gordon and Sweet for reticulin.
Results
The 58 neoplasms examined comprised 25 squamous cell carcinomas, 19 osteosarcomas, four odontogenic tumors, three fibrosarcomas, two hemangiosarcomas, two nasal adenocarcinomas, one osteoma, one lymphosarcoma, and one reticulum cell tumor. Table I shows the classification of the tumors. Tables, 11, 111 , and IV show the site, age, and sex distribution and the main clinical features.
The cats with osteosarcomas had a wide range of clinical signs, depending on the size, site, and rapidity of growth of the lesions, as well as on the degree of bone destruction and quantity of neoplastic bone present. The skull was the site in seven cats: three of these tumors involved the orbit with the presenting sign being exophthalmos, and one each occurred in the maxilla, mandible, palatine, and parietal bones. The cat with the tumor of the mandible was only three months old. The vertebrae were affected in two cats ( fig. I ), both of which had progressive paraplegia. Three tumors involved the femur, and three the tibia: two of the femoral tumors were rapidly growing and pathological fractures had occurred; the other femoral tumor was very slow growing. The radius and ulna were involved in only one cat, ( fig. 2 ) and this tumor had metastasized to the lungs ( fig. 3) . The other osteosarcomas involved a rib, metacarpal bones ( fig. 4) , and scapula. This last 5) . Histologically, the osteosarcomas varied in their degree of differentiation; usually, those which formed much neoplastic bone were well differentiated. In all but two of the osteosarcomas, bone destruction was present. In five of the osteosarcomas, many multinucleated giant cells (osteoclasts) were seen ( fig. 6 ). In four of the other 14 osteosarcomas, giant cells were seen regularly; they were seen occasionally in four tumors and not encountered in six. Humeral fracture following a fall was the presenting clinical sign in the cat with osteoma: the fracture had occurred proximal to a nodular bony mass within the medullary cavity ( fig. 7) . The microscopic features observed were well-differentiated trabecular bone with intertrabecular fibrous tissue, completely filling a section of the medullary cavity ( fig. 8 ).
Three fibrosarcomas were diagnosed. One involved the humerus ( fig. 9 ) with the presenting signs being progressive lameness terminating in a pathological fracture. A second fibrosarcoma involved the maxilla and the cat clinically exhibited facial swelling with gum ulceration. The remaining fibrosarcoma involved the sacrum and showed progressive destruction of the first coccygeal and last two sacral segments; this cat had tail paralysis initially with subsequent paraplegia. On microscopic examination, all three fibrosarcomas had extensive destruction of bone and replacement by invading fibroblasts. Reactive osteogenesis was seen in sections from cats 21 and 22. Osteoclasts were present in all three tumors and were numerous in cat 23 ( fig. 10 ).
Two hemangiosarcomas were diagnosed-one involving the humerus and one the tibia ( fig. 11 ). Both had osteolysis, and lung metastases were present in one. Microscopic examination revealed bone destruction caused by neoplastic elements consisting of a stroma of connective tissue cells which supported vascular channels lined by flattened endothelial cells ( fig. 12 ). Well-differentiated hemangiosarcoma metastases were seen in lung sections from the cat with the humerus involvement (cat 24).
Of the two examples of lymphoreticular tumors in the study, one was a lympho- cortex with fibrous stroma between trabeculae. HE. sarcoma. Clinically, this cat had a swelling over the pelvis (ilium) ( fig. 13 ). Histologically there was extensive bone destruction by invading lymphoblasts ( fig.  14) , together with reactive osteogenesis and involvement of the adjacent sublumbar lymph node. The other lymphoreticular tumor was a reticulum cell tumor in a metatarsal bone of a four-month-old Siamese kitten; the affected bone was enlarged markedly (fig. 15) . On histological examination the medullary cavity contained masses of proliferating reticulum cells ( fig. 16 ), and there was considerable reactive osteogenesis.
Of the 25 squamous cell carcinomas seen in this series, all but one involved either the mandible or the maxilla. Twelve tumors were recorded in each of these sites; the remaining tumor occurred in a digit. The proximity of gingiva to maxilla and mandible accounts for the freqency with which squamous cell carcinoma invades these bones, as gum is a common site of origin of squamous cell carcinoma. The main clinical features of the mandibular and maxillary tumors were enlargement of the affected bones and gum ulceration in many, with consequent difficulty in eating. Radiographs revealed bone destruction in all cats, and in most, various degrees of new bone formation ( fig. 17) . In several of the maxillary carcinomas the tumor had invaded the orbit causing exophthalmos. In one cat this was bilateral (cat 46). Several cats had teeth extracted some weeks prior to the diagnosis of the tumors. Histologically, bone destruction was seen in sections from all tumors, and reactive osteogenesis and fibrosis were oberved in 19 of them. In all but one of these tumors a high degree of differentiation was noted. The characteristics were stratified squamous architecture, the presence of 'pearls' (keratinization), and welldefined intercellular bridges ( fig. 18) . Two of these carcinomas had metastasized to a regional lymph node-one from the mandible and one from the maxilla.
Two tumors were diagnosed histologically as adenocarcinomas, probably of nasal mucous gland origin. The main clinical signs were swelling of the nasal area and associated nasal discharge. On histological examination one tumor was well differentiated-the glandular acini were secreting mucin demonstrably. Severe bone destruction was present in both tumors.
Four odontogenic tumors were diagnosed in this series. The lesions all were located adjacent to canine teeth, in either the upper or lower jaw. Local recurrence following excision of a lesion at the same site had occurred in two cats (cats 55 and 57). Radiographis of two tumors (cats 55 and 58) revealed bone destruction ( fig.  19 ). In cat 56 the lesion was excised and there was no evidence of recurrence two years later. When cut, the tumors were firm with cystic spaces. On histological examination all tumors had certain consistent features. There were islands and cords of epithelial cells supported by a fibrous stroma, the epithelial cells were arranged in a palisade fashion and their nuclei were elongated, the central cells of the epithelial cords and islets resembled the stellate reticulum of the primitive enamel organ, and in the islets cystic change in this reticulum was common (figs. 20, 21). One tumor (cat 58) had only the preceding features, and was classified as an adamantinoma [ 11, 121. In cat 57 the epithelial component formed cup-like structures in places, within which were tufts of modified stroma resembling dental pulp. This tumor met the criteria for ameloblastic fibroma [9, 12, 141 . Tumors from cats 55 and 56 had a dentine-like homogeneous ground substance as well as the adamantinomatous elements, and were classified as odontoameloblastomas [ 141. None of the odontogenic tumors had metastasized.
Discussion
Squamous cell carcinoma was the most common tumor involving bone seen in this series, and by far the most common of the invasive tumors. The frequency with which squamous cell carcinoma involved the maxilla or mandible is in accordance with the findings of others [4,7,24, 27,28,3 1,35 , 371. These neoplasms often had reactive osteogenesis, and sometimes resembled osteosarcomas on radiographs-an observation which has been recorded previously [27, 28, 371. The average age (15 years) of affected cats was older than that of the cats with osteosarcomas-three of the cats were over 20 years old. Metastasis had occurred in only two cats, and then only to the regional lymph nodes.
Osteosarcoma was the second most common tumor seen in this study, and it was the most common primary bone tumor. This is in accordance with previous findings [5-7, 11, 18, 24, 31, 35, 38, 431 . The age range and site distribution were similar to those in previous studies [6, 7, 11, 24, 31, 381. The older cat (average age 10 years) had the highest morbidity, but the age range was wide and one cat was only 3% months old. Flat bones were frequent sites, in contrast to the dog, where long bones are involved more often [ 111. The skull was affected very frequently, but the osteosarcomas did not show the predilection for the maxilla and mandible of the squamous cell carcinomas-only one osteosarcoma was found in each of these sites. Two tumors involved the vertebral column, and spinal cord compression was seen in both of these-a finding which has been reported previously [33] . Only one tumor was seen in the radius and ulna, a common site in the dog. This was the only osteosarcoma to metastasize to the lungs ( fig. 3) , and only the second tumor in the study to do so.
One osteoma was diagnosed in this study (cat 20) . This was a well-differentiated osseous lesion within the medullary cavity of the humerus which neither invaded nor destroyed the cortices (figs. 7, 8). Although a traumatic fracture had occurred, this was proximal to the bone tumor. Difficulty in differentiating osteoma, osteofibroma (ossifying fibroma), and fibrous dysplasia has been expressed by several authors [9, 18, 19, 201. Odontogenic tumors are comparatively uncommon in the cat [4, 10, 12, 13, 15, 431 , and epulides are very rare. Three of four tumors reported here were invasive and osteolytic. Two had recurred at the same site after previous surgical removal. Differentiation of these neoplasms from squamous cell carcinoma is based on the characteristic palisaded columnar epithelium and central stellate reticulum (often cystic) of the former, compared with the stratified squamous architecture, cellular pleomorphism, intercellular bridges, and keratinization of the latter.
Hemangiosarcoma involving bone is seen rarely in the cat [24] , but two were seen in this series. Three fibrosarcomas were observed.
Neoplasms of lymphorecticular origin involving bone have not been reported very often in the cat [ 18, 24, 44] . One lymphosarcoma involving the ilium and one reticulum cell tumor of a metatarsal bone in a four-month-old Siamese kitten were seen in this study. The affected metatarsal bone and associated digit were excised surgically, and the cat was clinically normal 18 months later. This was one of two cats in the study which recovered following surgery-the other was a cat with an odontogenic tumor. The two nasal adenocarcinomas had caused extensive destruction of the nasal and frontal bones, but no metastases were seen. (The use of radiotherapy to successfully treat an osteosarcoma involving the nasal cavity in a cat has been described recently [25] ). No tumors metastasizing to bone were seen in this study.
Most tumors reported here had new bone formation. In the osteosarcomas this was neoplastic bone, whereas with the invasive tumors such as the squamous cell carcinomas it was reactive. Most tumors in this study were classified as malignant on the basis of their clinical behavior and histological appearance. Of the 19 osteosarcomas, only one metastasized to the lungs, in contrast with osteosarcoma in the dog where metastasis generally occurs early and can be extensive. Metastasis as a feature was rare in this study with only one other tumor spreading to the lungs (a hemangiosarcoma), and three extending to regional lymph nodes.
